We study the production of photons accompanied by jets in large-Q 2 deep inelastic scattering. Numerical results for the cross section differential with respect to the fraction of momentum zγ carried by a photon inside a jet at large zγ, up to O(ααs) in perturbative QCD, are presented. The sensitivity to the fragmentation contribution allows one to study the quark-to-photon fragmentation function. Our results can be confronted with future experimental data from HERA.
Introduction
The production of final state photons at large transverse momenta in high-energy processes is an important observable for testing QCD. Data on large-p T photon production in hadronic collisions have been used in the past to obtain information on the gluon distribution in the photon. In addition, a good understanding of direct photon production within the framework of the standard model will be essential for new physics searches at future colliders.
Photons from high-energy collisions are produced essentially by two mechanisms: the direct production of a photon off a primary quark or antiquark, or the fragmentation of a hadronic jet into a single photon carrying a large fraction of the jet energy. The direct production gives rise to perturbatively calculable short-distance contributions whereas the fragmentation contribution is due primarily to a long distance process which can not be calculated completely inside perturbative QCD. The latter is described by the process-independent quark-, antiquark-, or gluonto-photon fragmentation functions (FF) [1] which must be fixed by experimental data as long as they can not be calculated by non-perturbative methods. Their evolution with the factorization scale µ F and their so-called point- like contribution (up to a normalization) can, however, be calculated perturbatively.
Directly produced photons are usually well separated from hadron jets, while photons originating from the fragmentation process are primarily found inside hadronic jets. By imposing an isolation criterion on the photon, one can, in principle, suppress (but in general, not eliminate) the fragmentation contribution to the final state photon cross section 1 . So far, only a limited number of measurements of single photon production exists through which direct information on the photon FF can be obtained. A possible way is the measurement of the inclusive photon cross section in e + e − annihilation. Recently the OPAL collaboration at LEP has measured this cross section for final state photons in the range 0.2 < x γ < 1.0, where , when choosing the factorization scale µ F = M Z . The DO model for the FF is based on an asymptotic solution of the evolution equation whereas the other two models [5, 6] contain in addition a non-perturbative input inspired by the vector meson dominance model. Unfortunately, the experimental precision was not sufficiently high to discriminate between these theoretical predictions. Note also that in [7, 8] 
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shown that predictions obtained within perturbative QCD and using a fixed-order expanded expression for the photon FF also agreed well with the OPAL data. An alternative way to determine the FF from e + e − data is to measure the production of photons accompanied with a definite number of hadronic jets [10] . In this approach, the photon is treated like any other hadron and is clustered simultaneously with the other hadrons into jets (so-called democratic clustering procedure) [11] . Then, one of the jets in the final state is considered as the photon jet if the fraction of the electromagnetic energy inside the jet is sufficiently large, i.e.
with z cut fixed by the experimental conditions. On this basis the ALEPH collaboration at LEP analysed events produced at the Z-resonance [12] which contained one hadron jet and a jet with a photon carrying at least 70% of the jet energy. This γ + 1-jet rate was used to determine the quark-to-photon FF, which was calculated in leading order (LO), i.e. up to O(α), in [11] . The calculation was extended to next-to-leading order (NLO), i.e. up to O(αα s ), in [7, 9] and a NLO photon-to-quark FF was obtained [7] by comparing with the ALEPH data. Due to the unfavorable signal-to-background ratio below z = 0.7 for this particular observable, the γ + 1-jet rate, the photon FF could be determined only in the range 0.7 < z < 1.0. In [8, 13] also the predictions of GRV [5] and BFG [6] for the photon FF were compared to the ALEPH γ +1-jet data. It turned out that the BFG parametrization is in agreement with the measurements while the rate predicted with the help of the FF of GRV lies too high. The photon FF is process independent as any other FF and can be used to predict the cross section for the production of single photons in other processes. This has been done recently for isolated photon production in deepinelastic ep scattering (DIS) [14] . In that work the emphasis was put on the prediction of cross sections in the HERA kinematic range without the necessity to introduce photon-parton separation cuts as used in earlier work [15] . This was achieved by including the divergent photonquark (-antiquark) singular contributions and the bare quark-to-photon fragmentation contributions, leaving in the final result only a finite factorization scale dependent quark-to-photon FF contribution. In our previous work we adopted as the photon FF the lowest-order fit obtained from the photon+1-jet data of the ALEPH collaboration [12] .
In the present work we study the influence of the fragmentation contribution on the cross section for the production of a photon plus jets in DIS and give predictions for dσ/dz γ as a function of z γ in the interval z cut = 0.5 < z γ < 1.0 (for the definition of z γ see below). For this purpose we calculate dσ/dz γ with the same cuts on the DIS variables as in [14] for essentially three different sets of photon FF's, the ALEPH sets in LO and NLO [12, 7] , the leading-logarithmic (LL) and beyond-leading logarithmic (BLL) parametrizations of GRV [5] and the BLL parametrization of BFG [6] . The first set of photon FF is obtained within a fixed-order framework at a given order in α s . The two other sets were obtained after the leading and/or next-to-leading logarithms of the factorization scale µ F were resummed. The essence of these two approaches has been described extensively in [8] and will be outlined below.
In the following Sect. 2 we describe the calculation of the cross section in leading and next-to-leading order. Section 3 contains a discussion of the various parametrizations of the quark-to-photon fragmentation function and their underlying assumptions. Numerical results relevant for HERA are then given in Sect. 4 and the paper finishes with some concluding remarks.
Leading and next-to-leading order cross section
In leading order 2 (i.e., at O(α)), the cross section for the production of photon plus jets in DIS receives contributions from the quark (antiquark) subprocess γ * q → γq (γ * q → γq). Together with the remnant jet from the proton this process gives rise to a γ + (1 + 1)-jet final state. In the virtual photon-proton center-of-mass system the hard γ recoils against the hard jet back-to-back. Cuts on the usual DIS variables x, y and Q 2 are applied to remove γ production by incoming γ * 's of small virtuality. To produce γ's of sufficiently high energy, an explicit cut on the total γ * p center-of-mass energy, W , is introduced. Both leptons and quarks emit photons. The leptonic radiation is suppressed by a cut on the photon emission angle with respect to the incoming electron in the same way as in the earlier work [14, 15] . In LO each parton is identified with a jet and the photon is automatically isolated from the quark jet by demanding a non-zero transverse momentum of the photon or jet in the γ * p center-of-mass frame. At this order there is no fragmentation contribution.
At next-to-leading order (O(αα s )) we have subprocesses with an additional gluon, either in the final or in the initial state, i.e. the subprocesses γ * q → γqg (and similarly with q replaced byq) and γ * g → γqq, respectively. In addition, virtual corrections (one-loop diagrams at O(αα s )) to the LO processes have to be included. The processes γ * q → γqg and γ * g → γqq contribute both to the γ + (1 + 1)-jets cross section and to the cross section for γ + (2 + 1)-jets. In the latter case each parton in the final state (including the photon) builds a jet on its own, whereas for γ + (1 + 1)-jets a pair of final state partons is combined into one jet. The recombination of two partons will be performed with the help of the cone algorithm. The exact prescriptions will be given later when we present our results. In the NLO calculation of the γ + (1 + 1)-jet cross section one encounters the well known infrared and collinear singularities. For the processes γ * q → γqg and γ * g → γqq they appear in those phase space regions where two partons are degenerate to one parton, i.e. when one of
